S-thiolation of creatine kinase and glycogen phosphorylase b initiated by partially reduced oxygen species.
S-thiolation of cardiac creatine kinase and skeletal muscle glycogen phosphorylase b was initiated by reduced oxygen species in reaction mixtures containing reduced glutathione. Both proteins were extensively modified at similar rates under conditions in which the oxidation of glutathione was inadequate to cause S-thiolation by thiol-disulfide exchange. Creatine kinase was both S-thiolated and non-reducibly oxidized at the same time at low glutathione concentration. The amount of each modification was decreased by adding additional reduced glutathione, and with adequate glutathione oxidation was prevented while S-thiolation was still very active. S-thiolation of glycogen phosphorylase b was not significantly affected by glutathione concentration and non-reducible oxidation of glycogen phosphorylase b was not observed. These experiments suggest that oxyradical or H2O2-initiated processes may be an important mechanism of protein S-thiolation during oxidative stress, and that the cellular concentration of glutathione may be an important factor in S-thiolation of different proteins. Both creatine kinase and glycogen phosphorylase b competed favorably with ferricytochrome c for superoxide anion in the standard xanthine oxidase system for the generation of oxyradicals and H2O2. These proteins were as effective as ascorbate and much more effective than reduced glutathione in this regard. Ascorbate was also an effective inhibitor of oxyradical-initiated S-thiolation of creatine kinase, suggesting a role of superoxide anion in protein S-thiolation. Other experiments showed that both catalase and superoxide dismutase could partially inhibit protein S-thiolation. Thus, reduced oxygen species may react with protein sulfhydryls resulting in S-thiolation by a mechanism that involves the reaction of an activated protein thiol with reduced glutathione.